Most studies of ambulatory care quality are based on chart reviews of episodes of care in single settings, rather than on care received by a patient over time and across settings. The purpose of this study was to compare ambulatory care quality scores based on information from the usual source of care to scores based on information from all providers seen during a year. The quality of well child care for 55 twoyear-olds and asthma care for 70 children and adults continuously enrolled in the Maryland Medicaid program throughout 1988 was assessed.
INTRODUCTION
As compared with assessments of in-patient care, quality assessment in the ambulatory sector should take into account a wider range of patient experiences as they play out over time and across different providers. This is especially true when the subject concerns the care of individuals with chronic conditions, who often receive health services from multiple providers and settings over time. However, most of the existing literature on ambulatory care quality is based on chart reviews of episodes of care in single settings [1] [2] [3] , rather than on care received by a patient over time and across settings. That is, they are studies of care delivered by practitioners rather than of care received by patients. Neither the processes of preventive care nor those of chronic care lend themselves to an episode approach.
Yet, evaluating the quality in health care over time poses logistic problems related to the availability and comparability of data, as well as analytic challenges related to the conceptualization and summarization of quality measures. If a person receives high quality care from one provider, but a second provider fails to give a necessary service, what is the sum of that individual's quality of care? However, little attention has been paid to the potential problems of aggregating information about care received by individuals across time and different sources of care. There is growing interest in assessing the quality of ambulatory care and making providers and insurers accountable for care experienced by patients.
Recently, we reported on the relationship between costs and quality of ambulatory care among Medicaid recipients based on the medical records of the usual source of care (USC) [4] . We found that the quality of care for common conditions in primary care did not vary significantly with the costs billed by the USC, but that the quality of care differed by the type of USC. The USC was defined as the single provider who billed for the majority of visits on claims data, and our report reflected on the quality of care delivered by that provider. We recognized, however, that the quality of care as determined from the USC's chart may not be an accurate reflection of the quality of care received by patients if all of their providers had been included in the study. Perhaps the pattern of use of some patients leads them to a variety of types of providers, which, in combination, provide better care than one provider alone. This could be especially important when a hospital was the USC, since this designation, based on claims data, did not distinguish patients who used the emergency department from those using out-patient clinics. Patients with a hospital as their USC may have been more likely to receive substantial aspects of their care from other providers.
The purpose of this report is to examine how the inclusion of data from multiple providers affects the measurement of quality and the conclusions and interpretations of the relationship of quality to costs. We also describe the methods we used to calculate aggregate measures of quality using data from multiple providers.
METHODS
This study uses data from a retrospective quality of care review of outpatient medical records for Medicaid recipients in Maryland, which was conducted as part of an investigation of variations in ambulatory service utilization and the relationship between costs and quality of care. The overall study methods and findings have been reported elsewhere [4, 5] . We summarize the methods here.
Sample
Medicaid insurance claims data were used to identify the sample, which was drawn from a population of over 134,000 persons who were continuously enrolled in the Maryland Medicaid program during fiscal year 1988 and had at least one ambulatory visit during the year. Medicaid enrollees included in the study were those enrolled under Aid to Families with Dependent Children (AFDC), Supplemental Security Income (SSI) or General Public Assistance (supported by state funds only). Those who were age 65 and older, who were enrolled in Medicare, or who received care from a health maintenance organization were excluded because complete insurance claims data for these groups were not available.
Patients were linked to providers through a process that identified the patient's usual care source based on utilization during the study year. The usual source of care was defined as the provider who billed for more than half of all the patient's ambulatory visits during the year. Only patients whose providers were the usual source of care for at least 10 Medicaid recipients were included, in order to avoid making judgements about providers for whom only little data were available.
For the analysis reported here, we studied two conditions: asthma and well child care. Both adults and children were eligible for the asthma review if they had at least one billed visit with a diagnosis of asthma during the study year which was also documented in the medical record of the usual care source. Children who had their second birthday during the first half of the study year were eligible for the review of well child care.
Patients were stratified according to the type of usual care source (hospital out-patient department, community health center or officebased physician), the usual care source's casemix adjusted cost level, geographic region and Quality assessment: providers or patients? 233 diagnosis. The method of adjusting for case mix has been described previously [4, 5] .
Medical records were reviewed by professional nurse-reviewers employed by the Delmarva Foundation for Medical Care (a federally designated Medicare peer review organization) using an explicit protocol. To initiate the process, the Maryland Medicaid Compliance Administration notified the providers by letter and then by phone of the review date. For the usual care source, the review was done on-site in the providers' offices. For asthma patients, we requested photocopied charts from all additional providers who billed Medicaid for at least one visit with an asthma diagnosis. For well child care, photocopied charts from all providers who billed for any type of visit during the study year were sought. Tests of interrater reliability in abstracting of chart data showed an agreement of 85% for all data elements.
Quality indicators
The quality of care review focused on care given throughout the study time period (1 July 1987 to 30 June 1988). Indicators of quality of care were based on published literature and professional recommendations (such as American Academy of Pediatrics recommendations for well child care). These indicators primarily addressed technical quality of care (i.e. the extent to which current standards for procedures directed at medical diagnosis, treatment and monitoring of patients were met). There were 10 indicators of technical quality each for asthma and well child care. In addition, two indicators reflecting generic aspects of care were assessed, including whether a completed problem list and a completed medication list were present in the chart. For asthma, we also included one measure of the appropriateness of care: whether a chest X-ray was ordered when the patient had no symptoms.
A score of one was assigned to each indicator if it indicated poor quality. Because some indicators did not apply to all patients (for example, no follow-up visits following steroid treatment applied only to patients who received steroids), a summary score for technical quality was obtained by adding the scores for all indicators and dividing by the number of indicators possible. The mean technical quality score for all patients in each provider type was calculated for each condition. This score reflects the average percent of indicators that were not met for the patients in each group. Thus, higher scores indicate poorer quality of care.
Method for aggregating data
We compared quality of care scores for individuals based on the medical charts of the USC with those based on data from all of the providers delivering care for the particular condition. The. method used to aggregate data depended on the construction of the quality indicator, of which there were three types: (a) improper actions at any time (b) actions necessary at least once for each patient (c) actions necessary for each event.
For indicators that dealt with improper actions (e.g. prescription of chronic oral steroids or tranquilizers for asthma), the patient was considered to have poor care on that indicator if any provider performed poorly. Indicators of actions necessary at least once for each patient considered whether any provider gave a recommended service (e.g. documentation of a growth plot or lead screening for young children). (Patients were considered to have poor care if these services were not documented at least once by any provider.) The third type of indicator included actions that were expected for every relevant event. For example, any change of treatment for asthma care was expected to be accompanied by a plan for follow-up care. For this type of indicator, patients were considered to have poor care if, on any occasion, a provider failed to document the standard of care.
Thirteen criteria were used to assess quality of care for asthma patients (including the two generic measures). Four of the asthma criteria assessed improper actions, seven required actions at least once for a patient, and two examined actions necessary for each relevant event. Thus, the inclusion of data from additional providers made it possible for asthma scores to improve or to worsen. Because of additional opportunities for providers to take actions that were considered poor care or to miss actions that were required at every event, scores could decrease. Conversely, the review
of additional charts provided more chances for necessary actions to be taken.
Eleven of the 13 well child criteria (including the two generic criteria) required actions at least once for the patient. The other two followup measures (recognition of anemia or lead screening results) required that providers acknowledge results whenever the tests were given. There were no criteria that dealt with improper actions in well child care. Thus, the inclusion of data from providers other than the USC improved the well child scores. The only exceptions occurred when data became available for scoring indicators which previously had not been scored because relevant items were not found on USC chart reviews.
Analysis
The analysis addressed several issues. First, we examined how the inclusion of data from additional providers changed the percent of patients meeting each quality indicator and the summary technical quality score. Second, we examined how these changes in quality scoring affected the conclusions and interpretation of our previous results, in particular, the differences in quality of care by provider type and the relationship of quality to costs. Finally, we compared quality scores among children according to whether they used a USC alone, used a USC and other providers, and did not have a USC.
Technical quality scores based on the USC chart alone were compared to those based on total data using the Wilcoxon signed rank test [6] . We compared the percent of patients with inadequate care on each indicator by provider type using Chi-square tests. Following methods used in previous work [4] , we calculated means for the summary technical quality scores by provider type and cost level using a generalized linear models procedure. Differences in means among children according to USC group were also compared using GLM procedures.
RESULTS

Record recovery, eligibility and review completion rates
All providers agreed to participate in the onsite reviews of the usual source of care. For asthma, 95% of the patients identified through claims data had charts available for review, and 93% were eligible, yielding a completion rate of 88%. For well child care, 87% of charts requested were located and 95% were eligible, with a completion rate of 83%. Of the 393 asthma patients whose usual care source was reviewed, 114 (29%) had at least one additional provider for asthma care. Of the 206 well child care patients whose usual care source was reviewed, 81 (39%) had at least one additional provider. We obtained data from all relevant providers for 70 (61%) of the asthma patients and on 55 (68%) of the well child patients. The availability of data did not vary by provider type or cost level. The average quality scores based on the USC chart alone for those without complete data were similar to those with complete data.
Effect of including data from additional providers
First, we examined the effect of including data from additional charts on individual quality indicators. For well child care, the inclusion of data from multiple providers reduced the percentage of patients meeting indicators of inadequate care. Among children using hospital out-patient departments, the percentage with no growth plot dropped from 94.1% based on the USC chart review only to 50.0% based on data from all providers. For the remaining indicators of poor quality, the difference in the percentage meeting the indicator based on the USC chart only as compared to the percentage of those based on all charts ranged from 20% to 70%. Among patients using office-based physicians, the decrease in the percentage of those meeting the indicators of poor quality was smaller, ranging from 6% to 32% (Table 1) . Among CHC patients, the percentage with inadequate care increased on some indicators (e.g. no developmental assessment, or incomplete shots) because of the inclusion of data for patients who had missing data on the USC review. Among hospital out-patients, scores for indicators related to improper actions or actions required at every event worsened when information from additional providers was reviewed: the percentage on chronic oral steroids prescribed or with theophylline prescribed alone increased, as did the percentage without chest exams and without follow-up scheduled for treatment changes. On the other hand, the performance on indicators that required an action at least once for a patient improved: these indicators included the use of a problem list, follow up within a six-month period and immunizations. Among patients who used office-based physicians, the changes were smaller in magnitude but similar in direction: for example, the percentage on chronic oral steroids increased, as did the percentage without a chest exam during an asthma visit. An exception was the percentage without follow-up scheduled after a change in treatment, which required an action for each event; this measure improved among office-based physician patients, but worsened among hospital outpatient department clinics when data from additional providers were included.
The net effect of these changes on particular indicators can be seen by comparing the average technical quality scores based on data from the USC alone with the average scores based on data from multiple providers (Table 3 ). For the well child care group whose USC was a hospital, the average poor technical quality score halved, from 0.81 to 0.40 (p = 0.0001), when data from their additional providers were incorporated into the scores. Scores for children with officebased physicians as their USC also improved by about 20%, from 0.52 to 0.42 (p = 0.0038).
For asthma patients, the net effect of including data from additional providers was an increase in patients receiving inadequate care (Table 3 ). For those patients using hospitals as their USC, the average technical quality scores worsened by 22% (from 0.36 to 0.44, p = 0.0001) with the inclusion of data from providers other than the USC. This appears to be largely due to the increase in events where required actions were omitted, including visits for asthma with no documentation of a chest exam and visits where treatment changes were ordered with no documentation of follow-up plans.
Comparisons by provider type
We used the results in Tables 1 and 2 to see how the inclusion of data from additional providers affected comparisons of quality by type of USC provider. For the well child sample, when data from the USC chart only were used, there were significant differences by provider type in the indicators that assessed actions required only once for each patient. These included recording and plotting of height and S. H. Scholle et al. weight, developmental assessment, screening for lead exposure, anemia and tuberculosis, and documentation of a problem list. All of these comparisons showed a poorer performance for hospital patients, as compared to CHCs and MDs. However, none of these differences remained when data from other providers' charts were added. Still, consistent with the findings for the USC chart alone, the overall quality scores were better for CHC patients than for children using hospital OPDs and office-based physicians.
When the quality of care for asthma patients was judged based on data from the USC only, there were significant differences by provider type in asthma care on three quality indicators. These three indicators required actions only once, such as documentation of problem and medication lists, or at multiple events, such as monitoring of theophylline levels (Table 2) . When data from multiple providers were used for the quality assessments, the only indicator showing a difference by provider type was the lack of completed problem lists, which was more often the case among patients using hospital OPDs and office-based MDs. As in the well child care sample, the comparisons among asthma patients showed better quality for patients using CHCs, as compared with patients using either hospitals or office-based MDs.
Relation of quality to costs using data from multiple providers
Despite the observed differences in quality scores, we found that the relationship of quality to costs did not change: that is, quality did not vary by cost, using only data from the USC, and it did not vary using data from multiple providers. Table 4 shows the average technical quality scores for each cost level. In fact, the quality scores of low, medium and high cost providers tended to be more similar when data from multiple providers were used (ranging from 0.36 to 0.39 for well child care and from 0.38 to 0.44 for asthma), compared to scores based on the USC chart review alone (which ranged from 0.49 to 0.60 for well child and from 0.30 to 0.42 for asthma).
Comparisons among patients using one vs. multiple providers
The analyses discussed above dealt with the group of patients who had a USC and at least one additional provider. We also compared average quality scores for this group to children who only used one source of care (USC only) and to children who did not have a USC because no single provider was responsible for the majority of their ambulatory visits (Table 5 ). For both well child care and asthma care, patients without a USC had worse quality scores, and this difference reached statistical significance for the asthma group (p = 0.0018). Patients who used CHCs had the best quality scores in all comparisons, although this difference was not significant.
DISCUSSION
As expected, information from additional providers changed quality scores for patients, but these scores moved in both directions; some improved and others worsened. The direction of improvement was related to the type of indicator used for measuring quality. In general, problems of omission, such as in assessments of well child care, improved because of the greater opportunity for performing recommended procedures. However, for problems of commission or when actions were recommended at multiple events, scores worsened because the inclusion of additional charts provided more opportunities for failure in achieving criteria for quality. The relationship between provider cost level and average quality scores did not change with the inclusion of data from all sources of care, thus confirming the conclusions and interpretation of our previous report. However, the findings regarding the type of provider did change with inclusion of data from all sources of care. Scores for well child care among hospital OPD patients improved the most when information from additional providers was included. These results, in part, reflect difficulties in the assignment of the USC from claims data among patients receiving most of their care from hospitals. Some patients may have had the hospital assigned as USC because of frequent visits to the emergency department and specialty clinics but still have had an additional source of primary care. Attributing their poor scores for well child care to the hospital would not accurately reflect the quality of care provided by their primary care provider. However, other literature suggests that such children are not very likely to have an alternative source of good primary care [7] . Well children using officebased MDs also had better scores when data from all providers were included for the assessment of quality.
For both asthma and well child care, patients who did not have a USC-meaning that their visits were not concentrated at a single sitehad the worst quality scores, and this difference was statistically significant for asthma patients. The results for well child care are consistent with those from previous studies which show that the lack of a regular source of care is associated with decreased use of preventive care [8] [9] [10] .
The generalizability of these findings may be limited because the study dealt with continuously enrolled Medicaid recipients in a single state and examined care for only two conditions, well child care and asthma. To reduce the difficulty of data collection, the sample was selected within providers rather than randomly from the universe of Medicaid enrollees, and this sample may not be representative of Medicaid enrollees in general. Furthermore, the common use of multiple providers among this sample (which ranged from 29 to 39% within the diagnostic categories) may not be representative of utilization patterns in the general population, but it is consistent with other reports describing utilization by Medicaid recipients [11, 12] and with Medicaid administrators' concerns about "doctor-shopping". As primary care case management or "gatekeeping" activities become increasingly more common among public and private insurance programs, the number of patients visiting multiple providers is likely to decrease [13, 14] . However, concerns about the measurement of quality will remain, especially for persons whose chronic conditions are managed jointly by multiple providers. Be-S.H. Scholle era/. cause our study focused on well-child and asthma care alone, the firmness of our conclusions will await confirmation in studies of other conditions. However, we expect that quality scoring for chronic conditions may be similar to asthma, where the opportunity for committing errors is greater, and quality scoring for preventive care may be more similar to well child care, where the omission of services is more likely to occur.
Another limitation of this study is the use of a retrospective chart review. Variations in the completeness and style of medical record documentation across provider settings may affect these results. While the logistical problems of conducting reviews of multiple providers were lessened in this study because of the cooperation of the State Medicaid administration, about one-third of patients with multiple providers were excluded from this analysis because we did not have complete data. While we do not know if the direction or magnitude of changes in quality scores would be different for these patients, we did not observe differences between the full group and the sample available for analysis in the quality scores based on the USC chart alone.
A large array of quality measures has been proposed or used in quality assessment studies, and the typology of indicators recently prepared by the Agency for Health Care Policy and Research demonstrates their heterogeneity in terms of the problems or processes they address (health promotion vs. disease treatment; medical decision-making vs. communication) and their construction (whether stated as events of omission or commission) [15] . Some indicators may be assessed from data sources that represent quality from both the patient and provider perspective: an example is the use of health insurance plan data to assess immunization rates. Other indicators, such as the documentation of follow-up care for asthma patients, will require review of medical records, potentially at multiple sites, in order to obtain an accurate picture of care given to a single patient. This also requires a methodology for summarizing data from different providers in order to obtain a score for each patient. As shown in this report, different decision rules may be required depending on the construction of the indicator.
Our findings raise important considerations about the conceptualization and development of quality indicators. Findings of studies will vary depending on the methods of quality assessment and whether the interest is in assessing the quality of care as delivered by individual providers or the quality of care as received by patients. Thus, the selection of quality indicators, data sources and methods of summarizing data should match the focus of the quality assessment. These concerns will have growing significance as the practice of using quality information to select or reward providers becomes more common.
